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CONCORDE NOISE-INDUCED BUILDING VIBRATIONS FOR 
SULLY PLANTATION 
CHANTILLY, VIRGINIA 
By Staff-Langley Research Center* 
SUMMARY 
This is the f i r s t  report on a series of planned studies to  assess the 
noise-induced building v ibra t ions  associated w i t h  Concorde operations. 
approach is t o  record the levels of induced vibrations and associated indoor/ 
outdoor noise levels i n  selected homes, historic and other bui ld ings  near 
Dulles and Kennedy International Airports. Presented herein is a small, 
representative sample of data recorded a t  Sul ly  Plantation, Chantilly, 
Virginia dur ing  the period of May 20 through May 28, 1976. 
provide relationships between the vibration levels of walls, floors, windows, 
and the noise associated w i t h  Concorde operations (2 landings and 3 takeoffs), 
other a i rcraf t ,  nonaircraft sources, and normal household act ivi t ies .  Results 
suggest t h a t  b u i l d i n g  vibrations resulting from aircraf t  operations were 
proportional t o  the overall sound pressure levels and relatively insensitive 
t o  spectral differences associated w i t h  the different types of a i rcraf t .  
Furthermore, the maximum levels of vibratory response resulting from Concorde 
operations were higher t h a n  those associated w i t h  conventional a i rcraf t .  
The vibrations of nonaircraft events were observed i n  some cases t o  exceed the 
The 
Recorded data 
levels resulting from aircraf t  operations. 
currently being analyzed i n  greater detail .  
These nonaircraft events are 
*Acoustics and Noise Reduction Division Instrument Research Division- 
R .  B. Lewis, 3. W .  Lynch 
W .  H. Mayes, H.  F. Scholl, R .  DeLoach, H .  K.  Holmes, 
D. G .  Stephens, B.  G .  Holliday 
INTRODUCTION 
The v ib ra to ry  response o f  h i s t o r i c  and o ther  bu i ld ings  r e s u l t i n g  from 
Concorde operations and the associated e f f e c t s  i n  terms o f  s t ruc tu ra l  damage 
and human annoyance have been the subject  o f  pub l i c  concern ( re f .  1). As a 
r e s u l t  o f  t h i s  concern, measurements o f  Concorde noise-induced bu i l d ing  
v ib ra t ions  ( re f .  2)  & r e  being conducted as p a r t  o f  the t o t a l  Concorde assess- 
ment program. The f i r s t  study i n  t h i s  phase o f  the assessment was ca r r i ed  ou t  
a t  Su l l y  P lantat ion dur ing th2 t ime per iod o f  May 20 through May 28, 1976. 
The approach t o  the assessment o f  Concorde noise-induced bu i l d ing  
v ibrat ions involves the fo l low ing  steps: 
response o f  windows, f loors ,  and wa l ls  f o r  selected h i s t o r i c  (e.g., S u l l y  
Plantat ion),  and other  bui ld ings;  (2 )  the development o f  funct ional  r e l a t i o n -  
ships ("s ignatures")  between the v ib ra t i on  response of bu i l d ing  elements and 
the range o f  outdoor and/or indoor noise l eve l s  associated w i t h  events o f  
in te res t ;  ( 3 )  a comparison of the Concorde induced response w i t h  the response 
associated w i t h  other a i r c r a f t  as wel l  as common domestic events and/or c r i t e r i a .  
The development of v ibrat ion/noise re la t ionsh ips  o r  signatures (s tep 2) allows 
one t o  determine the response of the s t ruc tu re  under study o r  a s i m i l a r  
s t ructure t o  any ( s im i la r )  noise leve l  of in te res t .  This procedure reduces the 
re l iance on maximum response leve ls  and the associated s t a t i s t i c a l  d i f f i c u l t y  
resu l t i ng  from small sample sizes. Also the precise l oca t i on  o f  the noise 
source ( the  maximum l e v e l )  i s  no t  essent ia l  t o  t h i s  approach. 
(1)  the  measurement o f  the  v ib ra to ry  
This i n te r im  repor t  includes a b r i e f  overview o f  the tes ts  conducted a t  
Su l l y  P lantat ion inc lud ing data acqu is i t ion  and reduct ion schemes, a l og  o f  the 
recorded events, and resu l t s  obtained dur ing i n i t i a l  Concorde operations. 
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Results are presented i n  terms o f  the v ibrat ion/noise signatures and 
comparative leve ls  o f  v ib ra t i on  associated wi th Concorde, o ther  a i r c r a f t  ar,d 
nona i rc ra f t  events. 
TEST SITE DESCRIPTION 
Loca t i on 
Figure 1 shows the loca t ion  o f  Su l l y  P lantat ion adjacent t o  S u l l y  Road 
(V i rg in ia  State Route 23) 1.2 kilometers nor th  o f  U.S. Route 50 i n  Chant i l l y ,  
V i rg in ia .  The Plantat ion i s  6.4 k i lometers south o f  the Dul les A i r p o r t  
access road and approximately 2.2 kilometers south-southeast from the end of 
Dulles A i rpo r t  Runway 1R. 
St ructura l  De ta i l s  
Figure 2 i s  a photograph o f  the south e leva t ion  o f  S u l l y  P lantat ion.  
As described i n  reference 3,  the bu i ld ing  i s  a two and one-half s to ry  cent ra l  
sect ion flanked by asymmetrical one and one-half s to ry  gabled wings. 
foundation o f  red sandstone, averaging almost 2 feet i n  thickness, support wa l ls  
which are sheathed by clapboards t h a t  cover a heavy mortise-and-tenon framing. 
The wal ls  o f  the e a r l i e s t  por t ion  o f  the house are insu lated by means of the  
cornon 18th century 'hogging" ( f i l l e d  w i t h  b r i c k ) .  Figure 3 shows a sect ion 
of wal l  which has been cu t  away t o  reveal the nogging. The nogging i s  covered 
w i t h  l a t h  ( f i g u r e  4) and three layers o f  p las te r .  Random width pine f l o o r i n g  
attached d i r e c t l y  t o  f l oo r  j o i s t s  i s  used throughout the house (no subf loor) .  
Windows are genera l ly  the 12 over 12 sashing type w i t h  some being o f  9 over 9, 
6 over 9, and 6 over 6. 
and a t yp i ca l  pane measures 20.3 cm by 25.4 cm ar,d var ies from 0.16 cm t o  
I t s  
O f  the  324 window panes a t  Sul ly ,  h a l f  are o r i g i n a l  
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0.32 cm i n  thickness, A l l  of the panes have been covered with transparent 
p l a s t i c  Scotch- t in t  f i l m  t o  a i d  i n  r e f l e c t i n g  sunl ight .  
The f i r s t  f l o o r  o f  Su l l y  contains three major rooms i n  add i t ion  t o  the 
main entrance hallway. Upsta i rs  are two spacious bedrooms, a l a rge  chamber, 
and a small lodging room. 
Figure 5 shows a plan view o f  the f i r s t  f l o o r  of S u l l y  P lantat ion 
including t e s t  instrumentation locat ions.  The instrumentat ion systems were 
located i n  the pa r lo r  and south end o f  the drawing room and consisted of 
three accelerometers and one microphone f o r  each room. I n s t a l l a t i o n  o f  the  
instruments i s  shown i n  f igures  6 through 8. A microphone was a lso  located 
adjacent t o  each room, outside o f  the bui ld ing.  Radio communication was 
established between the t e s t  rooms and data acqu is i t i on  vans. 
DATA LOG 
A l l  data measurements taken a t  the Su l ly  P lantat ion t e s t  s i t e  were 
reccrded dur ing the per iod May 20 through May 28, 1976. Table I i s  a 
chronological l i s t i n g  of events dur ing t h i s  time period. A t o t a l  of 93 events 
were measured which included not  on ly  a i r c r a f t  operations and room ca l i b ra t i ons  
but typ ica l  house occurrences such as v i s i t i n g  tou r  groups, rad io  playing, 
chai r  f a l l i n g ,  e tc .  
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DATA ACQUISITION AND PROCEDURE 
I ns tr umen t a t i on 
Two mobile instrument systems were employed, one completely analog 
operated under contract by Wyle Laboratory personnel supporting measurements 
in the south room and a second, containing both an analog capability as well 
as an online digital processing system, supporting the north room. Figure 9 
shows both vehicles as they were deployed at Sully Plantation and figures 10 
and 1 1  are block diagrams of the respective instrument systems. The analog 
data acquisition equipment in both vehicles was virtually identical. Acoustic 
measurements o f  both inside and outside sound pressure levels were made using 
conventional Bruel and Kjaer measuring equipment. Vibration data were obtained 
from piezoelectric crystal accelerometers mounted on the floor, wall, and 
window of each room and processed with in-house developed signal conditioning 
electronics. All data were recorded on analog FM tape so that subsequent 
spectral analysis or specialized weighting functions could be applied to the 
data as the need or interest dictates. Online analog x-y plots of window 
vibration response versus outside sound pressure level were obtained in each 
vehicle; a typical plot for the Air France takeoff may be found in figure 12. 
In the larger vehicle, a General Radio 1926 (multichannel, true riiis) log 
voltmeter was employed to sample, analog-to-digital convert, average, and 
log convert each of the five signals into overall readings (each 1/2.:econd) 
for subsequent digital processing. A Hewlett-Packard 21M20 digital computer 
was then used to format these data into line prints of the time history values 
and to provide "Calcomp" plots of the acoustic time histories of both inside 
and outside overall sound pressure levels as well as plots o f  selected 
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accelerat ion leve ls  as a funct ion o f  outs ide sound pressure leve ls .  A t y p i c a l  
readout, again f o r  the A i r  France takeoff, i s  shown i n  f igures 13 and 14. 
Frequency Response and Cal i bra t ion  Procedures 
I n  add i t ion  t o  extensive pre tes t  documentation regarding frequency 
response, dev iat ion 1 i nea r i  t i es ,  ga in accuracies and dynamk range, d a i l y  
ca l ib ra t ions  consisted o f :  tape recorder s e n s i t i v i t y  (dev iat ion)  checks, 
pink noise (exh ib i t i ng  f l a t  1/3-octave band spectrum) i nse r t i on  i n  the  
microphone channels, one-half v o l t  s ine wave reference vol tage i n s e r t i o n  i n t o  
accelerometer channels, and 250 Hz p is ton  phone acoust ic c a l i b r a t i o n  of the 
microphone systems f o r  p re tes t  and pos t tes t  as a minimum and mgre frequent ly,  
time permit t ing.  
k 1 dB over the range from approximately 5 Hz t o  10 kHz and ? 1/2 dB over the 
range from approximately 3 Hz t o  i n  excess o f  3 kHz f o r  the accelerometer 
channel s. 
Frequency response o f  the acoustic channels i s  nominally 
Test Procedures and Communications 
Visual observation o f  a i r p o r t  a c t i v i t y  v i a  an opening i n  the roo f  of the 
house, monitoring tower communications w i t h  a i r c r a f t  i n  the area, and/or 
spotters located some distance from the p lan ta t ion  were used t o  i d e n t i f y  
a i r c r a f t  operations as wel l  as t o  cont ro l  and coordinate data acqu is i t ion .  
Hand-held transceivers operating on 171.150 MHz were used for l oca l  
communications between a l l  elements. Time code synchronized w i t h  WWVH was 
recorded i n  both vehic les t o  provide a common time reference f o r  l a t e r  
analysis. 
the compllter, those events which were no t  obtained i n  t d a l  time w i t h  the 
computer were read i l y  obtained from tape playback. 
Because 5 t o  10 minutes were required f o r  a complete data dump from 
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Mode 
Reference Acoustic Source 
To provide a cont ro l led  acoustic i npu t  i n t o  each o f  the rooms, an A l tec  
9844A, playback/moni t o r  speaker system having a frequency response 
exte,.ding from approximately 50 Hz t o  15 kHz was used as the transducer. 
speaker system contains two 12 inch (30.48cm) speakers and a high-frequency 
horn. 
a hand-held sound leve l  meter) were impressed on the wal l  from approximately 
6 feet (1.83 meters) away and data recordings made. 
was also performed. 
essent ia l l y  as i t  was posi t ioned f o r  the c a l i b r a t i o n  tests .  
The 
USASI shaped noise spectra a t  several acoust ic l e v e l s  (as monitored on 
Some s ine wave tes t i ng  
Figure 15 shows t h i s  system i n  the pa r lo r  (nor th  room) 
RESULTS AND DISCUSSION 
Before presenting the resu l t s  o f  t h i s  study, a comment on the observed 
"hysteresis loop" ( f i gu re  12, f o r  example) i s  i n  order. 
r e s u l t  i s  believed t o  be due t o  d i f f r a c t i o n  e f fec ts  as a r e s u l t  o f  bu i ld ing,  
microphone, and f l i g h t  path geometry as i l l u s t r a t e d  i n  the plan view sketch 
o f  f i g w e  16. The top sketch shows schematically the f l i g h t  path r e l a t i v e  t o  
the Su l ly  P lantat ion bu i l d ing  and instrument locat ions.  
be broken down i n t o  three regions as ind icated t o  provide the acoust ic loading 
patterns designated as reqions I, 11, and 111. 
a i r c r a f t  i s  i n  regior. 11, the microphone A and accelerometer w e  loaded 
d i f f e ren t l y  and th2 t  the response indicated i n  the bottom sketch would be 
expected. 
an addi t ional  microphone (shown as microphone B i n  sketch o f  f i g u r e  16 )  near 
the Su l ly  nor th  wa l l .  
was obtained w i th  t r l  microphone A locatioi: whereas a s t ra igh t  l i n e  re la t i onsh ip  
This unexpected 
The f l i g h t  path can 
It can be seen that. when the 
Tnis hypothesis was confirmed by conducting some special  t es ts  using 
The response signature as i l l u s t r a t e d  i n  the f igure 
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was obtained for microphone B location. Based on this information, only the 
da ta  from the top l ine of the response signatures (region I )  and referenced t o  
microphone A position are presented i n  this report. I t  should be noted that 
microphone A was located i n  the free field t o  enable direct  comparisons w i t h  
other noise measurements or noise d a t a  bases. 
Sample vibratory response data and associated outdoor noise levels are 
presented i n  graphical form (figs. 17 through 2 2 )  to provide the functional 
relationships or "signatures" between vibratory response and a i rcraf t  noise. 
Also, the maximum v ibra t ion  levels recorded are presented i n  tabular form 
(tables 2 through 4 ) t o  enable comparisons between Concorde and other a i rcraf t  
and nonaircraft noise sources. 
Review of a l l  measurements indicate t h a t  the maximum vibratory response 
occurred on the window located i n  the north wall. The window r6sponse was 
greater for takeoff operatiorls than l and ing  operations. Consequently, the 
vibratory response sigratures presented i n  this report are limited t o  the 
response of the north window for takeoff operations. 
for three Concorde takeoff operations from different runways (Runway 19L, 19R, 
and l L ,  respectively). The d a t a  are observed to cluster about a single l ine 
(least  squares f i t )  and indeed show a linear relationship between response and 
noise level. 
110. mly gives the absolute response of the ai rcraf t  as recorded b u t  enables 
extrapolation t o  other runway cases, flyover distances, or other house 
locations assuming the ava i  a b i l i t y  of a noise d a t a  base. Also, the linear 
relationship and relatively small scatter band indicates t h a t  detailed spectral 
information may n o t  be requ red which greatly simplifies the d a t a  gathering 
process. 
Figure 17 represents d a t a  
This linear relationship i s  particularly significant i n  that i t  
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Inspections o f  the p l o t s  from the other  a i r c r a f t  takeoff  operations 
shown i n  f igures18 through 22 ind ica te  s i m i l a r  l i n e a r  re la t ionsh ips  and, i n  
fact ,  i t  i s  noted t h a t  approximately the same slopes are obtained f o r  a l l  the 
a i r c ra f t .  This r e s u l t  suggests t h a t  the window response i s  dependent upon 
pressure amplitude bu t  may be independent o f  spect ra l  content f o r  the 
a i r c r a f t  tested. Thus, the hypothesis ( r e f .  4) t h a t  Concorde induced 
bu i ld ing  response w i l l  be greater due t o  the low frequency content o f  the 
Concorde spectrum may be questionable. 
Maximum values o f  accelerat ion recorded f o r  approach and takeof f  a i r c r a f t  
operations as wel l  as nonai rcraf t  operatiotis are presented i n  tab les 2 
through 4 f o r  the nor th  room which as noted prev ious ly  had the greatest  
exposure and response. The events included on these tab les were selected 
t o  g ive a representat ive sample of the events recorded and were i n  general 
the events having r e l a t i v e l y  high response levels .  The maximum l e v e l s  o f  
v ib ra to ry  response (windows, walls, f l o o r s )  r e s u l t i n g  from a i r c r a f t  operations 
were associated w i t h  the Concorde for  t h i s  ser ies of tests .  The v ib ra t ions  o f  
nonai rcraf t  events were observed i n  some cases t o  exceed the l eve l s  r e s u l t i n g  
from a i r c r a f t  operations. These nonai rcraf t  events are cu r ren t l y  being 
analyzed i n  Sreater d e t a i l .  
CONCLUDING REMARKS 
Bui ld ing v ib ra to ry  response data were recorded a t  Su l l y  Plantat ion,  
Chant i l ly ,  V i rg in ia  dur ing the per iod o f  May 20 through May 28, 1976, as p a r t  
of the Concorde assessment program. Relationships between the v i  b ra t ion  l eve l s  
of wal ls,  f loors ,  and windows and the noise associated w i t h  Concorde operations, 
other a i r c r a f t ,  and nona i rc ra f t  events were obtained from the data. 
v ib ra to ry  response was recorded on a nor th  wind, 
Maximum 
which faces the Dul les 
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runways and was recorded dur ing a i r c r a f t  takeof f  operations. A l i n e a r  
re la t ionsh ip  was found t o  e x i s t  between the window response and the ove ra l l  
sound pressure leve ls  for a l l  the a i r c r a f t .  Furthermore, the l eve l  of 
v ibratory  response f o r  a given noise l eve l  appears t o  be independent o f  the 
type o f  a i r c r a f t  which suggests t h a t  the response i s  dominated by the ove ra l l  
sound pressure l eve l  and poss ib ly  independent o f  spectral  d i f ferences among 
a i r c r a f t .  The maximum leve ls  o f  v ib ra to ry  response (windows, wal ls,  f loors )  
resu l t i ng  from a i r c r a f t  operations were associated wi th the  Concorde f o r  t h i s  
ser ies o f  tests .  The v ib ra t ions  o f  nona i rc ra f t  events were observed i n  some 
cases t o  exceed the leve ls  resu l t i ng  from a i r c r a f t  operations. These 
nona i rc ra f t  events are cur ren t ly  being analyzed i n  greater  d e t a i l .  
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DC -8 
DC-8 
727 
727 
727 
727 
727 
DC-9 
DC-9 
Pr ivate Jet  
707 
707 
707 
747 
%A Concorde 
AF Concorde 
TABLE 11.- MAXIMUM VALUES OF AIRCRAFT LANDING 
'VIBRATIO?d RESPONSE DATA * 
Event 
101 
109 
123 
110 
119 
129 
131 
140 
117 
124 
118 
121 
130 
139 
128 
132 
133 
-
Overall SPL, dB * 
Int. Ext. 
76.0 65.4 
83.3 65.4 
82.9 67 .7 
78.2 65.2 
75.2 68.3 
79.9 66.4 
76.2 63.4 
75.5 64.1 
79.3 63.8 
75.7 63.9 
82.2 67 .O 
72.7 71.7 
77.8 65.3 
68.8 63.3 
81.3 64.4 
91.5 75.5 
87.1 71.8 
-- 
Overall  Acceleration, gm 
F1 oor Window Wall --
.023 
.022 
.010 
.021 
.011 
.015 
.015 
.008 
.011 
.012 
.013 
.013 
.015 
.008 
.013 
.016 
.013 
.Ol9 
.021 
.014 
.020 
.011 
.013 
.013 
.008 
.008 
.011 
.010 
.015 
,013 
.009 
.012 
.016 
.012 
.039 
.038 
.016 
.040 
.010 
.025 
.017 
.015 
.018 
.017 
.021 
.017 
.015 
.010 
.020 
.065 
.067 
* SPL values correspond t o  max v ib ra t ion  leve l  and do no t  necessari ly 
represent max recorded SPL values. 
A i r c r a f t  
707 
707 
727 
727 
727 
AF Concorde 
BA Concorde 
AF Concorde 
DC- 8 
DC- 9 
BAC-111 
BAC- 11 1 
747 
747 
Pr ivate Je t  
TABLE 111.- MAXIMUM VALUES OF AIRCRAFT TAKEOFF 
VIBRATION RESPONSE DATA 
Event 
112 
149 
113 
152 
151 
115 
116 
141 
142 
176 
145 
146 
153 
192 
194 
Overal l  SPL, dB* 
Ext. I n t .  
95.0 
100.2 
95.2 
82.2 
90.3 
86.2 
86.1 
106.1 
81.1 
85.3 
107.5 
85.9 
88.8 
92.0 
84.5 
75.2 
73.7 
75: 3 
66.5 
70.6 
6%. 1 
67.4 
84.2 
65.3 
70.6 
67.6 
69.7 
Overal l  Accelerations gms 
Wall F1 oor Window 
.014 .021 .044 
.028 .021 .160 
.013 .017 .090 
-019 .018 .041 
.019 
.025 
.013 
.048 
.010 
.012 
.027 
.010 
.022 
.013 
.011 
.017 
.023 
.013 
-024 
.008 
.014 
.016 
.009 
.020 
-014 
.013 
.078 
.120 
.037 
,432 
\019 
.039 
.245 
.040 
.051 
.091 
.034 
* SPL values correspond t o  max v ib ra t ion  leve l  and do not  necessari ly 
represent max recorde$? SPL V a l  ues . 
TABLE 1V.- MAXIMUM VALUES OF VIBRATION RESPONSE 
DATA DUE TO SPECIAL EVENTS 
OA SPL, dB* 
A c t i v i t y  Event Ext. I n t .  
Tour Group 175 NA 73.3 
Vacuum Cleaner 166 NA 96.3 
USASI Noise 167 NA 85.0 
USASI Noise 168 NA 91 .o 
USASI Noise 169 NA 96.0 
USASI Noise 170 NA 102.0 
OA Acceleration, gms 
Wall F1 oor Window 
.013 .068 .013 
.025 .065 .105 
.015 .018 .025 
.016 .023 .042 
.020 .036 .084 
.029 .064 .143 
* SPL values correspond t o  max v ib ra t ion  leve l  and do not  necessarily 
represent max recorded SPL values. 
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Figure 1 .- Location o f  Sully Plantation 
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Figure 16.- Propagation path geometry f o r  nor th  wal l  o f  a i r c r a f t  f l i g h t  path. 
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Figure 17.- North wirldow v i b r a t i o n  response for Concorde t a k e o f f .  
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Figure 18.- North window v i b r a t i o n  response f o r  BAC-111 takeof f .  
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Figure 19.- North window v i b r a t i o n  response f o r  B-707 t a k e o f f .  
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Figure 20.- North  window v i b r a t i o n  response f o r  8-727 t a k e o f f .  
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Figure 21 .- North window v i b r a t i o n  response f o r  B-747 t a k e o f f .  
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Figure 22.-  North window v i b r a t i o n  response t o  DC-8 t a k e o f f .  
